Introduction
============

The three closely related genera of dermatophytes: *Trichophyton, Microsporum*, and *Epidermophyton* usually cause superficial infections of skin, hair, and nail. The various clinical forms caused by dermatophytes are tinea capitis, tinea faciei, tinea unguium, tinea manuum, tinea corporis, tinea pedis, tinea barbae, tinea cruris and tinea gladiotorum. An article on 'Tinea capitis in Botswana' has already been published by the author.[@b1-ccid-8-127] One of the most prevalent species of this group is *Trichophyton rubrum*.[@b2-ccid-8-127],[@b3-ccid-8-127] Rarely these pathogens may cause a more aggressive and invasive infection.[@b4-ccid-8-127],[@b5-ccid-8-127] Dermatophyte infections are common in HIV patients and occur at some point during their illness.[@b6-ccid-8-127],[@b7-ccid-8-127] It has been estimated that these infections may not occur any more frequently in HIV patients than in control groups.[@b8-ccid-8-127] One study has reported an apparently higher prevalence of onychomycosis in HIV-positive patients relative to general patients visiting dermatologic clinics.[@b9-ccid-8-127]

The severity and variability of presentation are more common in HIV/AIDS.[@b10-ccid-8-127],[@b11-ccid-8-127] In severely immunosuppressed patients with AIDS, lesions may have little inflammation and often lack the elevated border and central clearing typical of tinea (anergic tinea).[@b7-ccid-8-127] They may resemble sharply marginated lesions of dry skin. Goodman et al observed that the prevalence of dermatophytosis was four times higher amongst HIV infected individuals.[@b12-ccid-8-127] Bizarre presentations and failure to respond to treatment should alert care providers to the possibility of an underlying immunologic problem.[@b13-ccid-8-127] Some of the dermatophyte species are cosmopolitan in distribution, but some species, which are confined to a particular geographical region, can no longer remain geographically restricted, because of frequent travel and migration. An infection acquired in any geographical region, can manifest itself in another country. So knowledge of the distribution of various species of dermatophyte is important. Though *T. rubrum* is a very common cause of dermatophyte infection all over the world, it can be rare in some geographical regions. In some regions of Africa, *T. rubrum* is rare.[@b14-ccid-8-127]

Material and methods
====================

From January 2009 to December 2010, samples were collected from 450 patients with a clinical diagnosis of dermatophytosis.

A total of 120 patients were found to be culture positive for dermatophyte.

Samples were collected in the microbiology section of the National Health Laboratory, Gaborone, Botswana. The suspicious area was cleaned with 70% alcohol on gauze. The samples were collected either in a sterile petri dish or a container.

All the samples were submitted for potassium hydroxide (KOH) 10%--20% mount ([Figure 1](#f1-ccid-8-127){ref-type="fig"}) and fungal culture.

Skin scrapings and nail clippings were collected after cleaning the suspicious area with 70% alcohol.

In case of tinea capitis, samples were collected from three suspicious sites after cleaning the area with 70% alcohol. We used a scalpel blade and the wet swab for collecting hair and scales.[@b1-ccid-8-127]

For the collection of samples from the suppurative lesions, especially from children suffering from tinea capitis, sterile swabs were used.

In case the lesions had vesicles and bullae, the top of the vesicles and bullae was clipped off and added to the sample.

Diagnosis of pityriasis versicolor was made on the typical morphology of skin scrapings in 10% KOH, which resembles "spaghetti and meatball".

For suspected deeper lesions like Majocchi's granuloma, punch biopsy was collected in a sterile container for KOH and culture, and the remaining tissue was sent to the histology section in formol saline.

Sabouraud dextrose agar and Dermasel media were used for the inoculation of the samples. Sabouraud plates were incubated in duplicate at 25°C and 37°C. Dermasel plates were incubated for 4 weeks, before declaring it culture negative.

Incubation of Sabouraud plate at 37°C was done for 5--7 days to identify yeasts (*Candida*). Germ tube test, morphological characteristics on corn meal agar, and CHROMagar™ Candida were performed for speciation.

A non-dermatophyte fungus was considered relevant only when on microscopic examination, fungal hyphae, spores or yeast cells were seen on repeat culture, and the same species of non-dermatophyte fungus was isolated.

If direct microscopy was negative but cultures positive, the case was included. Cases with positive direct microscopy and with a negative culture were excluded. Where more than one site yielded the same organism, the case was counted as a single infection. Where more than one species was found in different sites or at the same site both species were counted.

Teased mount preparations were made in lacto phenol cotton blue stain to study the microscopic structures. Urease test and in vitro hair perforation tests were done for the confirmation of *Trichophyton interdigitale* species. Also, other standard tests required for the identification of the dermatophyte species were done in accordance with the textbooks, manuals, and journals.[@b15-ccid-8-127]--[@b19-ccid-8-127]

Results
=======

*Trichophyton violaceum* was found to be the most common species responsible for most of the clinical forms of dermatophytosis (n=96 \[80%\]) ([Tables 1](#t1-ccid-8-127){ref-type="table"} and [2](#t2-ccid-8-127){ref-type="table"} and [Figures 2](#f2-ccid-8-127){ref-type="fig"}--[5](#f5-ccid-8-127){ref-type="fig"}). Next in frequency was *T. interdigitale* (n=16 \[3.33%\]) ([Figures 6](#f6-ccid-8-127){ref-type="fig"}--[8](#f8-ccid-8-127){ref-type="fig"}).

Other species isolated were *Trichophyton tonsurans* (n=5 \[4.16%\]) ([Table 1](#t1-ccid-8-127){ref-type="table"} and [Figure 9](#f9-ccid-8-127){ref-type="fig"}), *Epidermophyton floccossum* (n=2 \[1.66%\]) ([Table 1](#t1-ccid-8-127){ref-type="table"}) and only one case of *Microsporum ferrugineum* 0.83% ([Table 1](#t1-ccid-8-127){ref-type="table"} and [Figure 10](#f10-ccid-8-127){ref-type="fig"}).

Tinea unguium was found to be the predominant clinical form (n=33 \[27.50%\]) ([Figures 11](#f11-ccid-8-127){ref-type="fig"} and [12](#f12-ccid-8-127){ref-type="fig"}). Though tinea unguium is common in older people and the incidence increases with age, but in our study, no such association was found ([Table 3](#t3-ccid-8-127){ref-type="table"}) and it was statistically insignificant.

Other clinical forms in descending order were tinea corporis (n=24 \[20%\]) ([Figures 11](#f11-ccid-8-127){ref-type="fig"} and [13](#f13-ccid-8-127){ref-type="fig"}), tinea capitis (n=21 \[17.50%\]) ([Figures 11](#f11-ccid-8-127){ref-type="fig"} and [14](#f14-ccid-8-127){ref-type="fig"}), tinea faciei (n=19 \[15.83%\]), ([Figure 11](#f11-ccid-8-127){ref-type="fig"}), tinea pedis 15 (12.50%) ([Figure 15](#f15-ccid-8-127){ref-type="fig"}), tinea manuum (n=4 \[3.33%\]) and also tinea cruris (n=4 \[3.33%\]).

Involvement of all the nails of both hands ([Figure 12A](#f12-ccid-8-127){ref-type="fig"}) was found in three cases, but in one case KOH mount and culture was negative, so it was excluded from the study. All these three cases were HIV positive. We isolated *T. violaceum* from the remaining two cases and the involvement of nails was of endonyx type ([Figure 12](#f12-ccid-8-127){ref-type="fig"}).

Tinea capitis was the most common clinical form in children below 10 years (76.2%)[@b1-ccid-8-127] ([Figure 14](#f14-ccid-8-127){ref-type="fig"}). Tinea capitis is common in younger age groups, below 20 years ([Table 3](#t3-ccid-8-127){ref-type="table"}) and statistically significant.

Extensive lesions of tinea corporis without central clearing were seen in few HIV/AIDS patients ([Figure 13](#f13-ccid-8-127){ref-type="fig"}).

One of the patients suffering from tinea manuum appears to have acquired the infection in South Africa. He gave the history of having played soccer in South Africa, and within 2 weeks of returning from there, he started complaining of itching, and was prescribed steroid cream. His condition did not improve and skin scrapings were collected and cultured, which yielded growth of *T. tonsurans* ([Figure 9](#f9-ccid-8-127){ref-type="fig"}). Most cases of tinea pedis were due to *T. interdigitale* ([Figure 15](#f15-ccid-8-127){ref-type="fig"}). Positive cases for superficial fungal infections: Dermatophytes (120 cases)Candida (five cases)*Malassezia* species (five cases)Non-dermatophyte moulds in onychomycosis (four cases)

Discussion
==========

*T. violaceum* was found to be the predominant species, and was found to be the causative organism for most of the clinical forms. Tinea unguium of the fingernails was found to be due to *T. violaceum*, and in two HIV cases ten fingers' involvement was found. Two cases of tinea unguium of the toenails were due to *T. interdigitale* and one was due to *T. tonsurans*.

Various studies have been conducted from time to time. It has been observed that there has been a rise and fall of certain species of dermatophytes. This could have been due to the change of habitat, war, better medical facilities, and more effective drugs.

There has not been any major study in Botswana before and after the HIV/AIDS era. The only relevant information available is in Vismer and Findlay's published data about Botswana, and in which, they reported *Trichophyton schoenleinii* and *T. violaceum*.[@b20-ccid-8-127] We did not isolate *T. schoenleinii* in our study, but *T. violaceum* was found to be the predominant species. Botswana has got high prevalence of HIV/AIDS, and dermatophytic lesions in HIV/AIDS patients can be deep, widespread, and atypical. So it presents some diagnostic challenges. We did not isolate *T. rubrum* in any of the samples.

Since we did not isolate *T. rubrum* from any of the patients in our study or in any samples referred to our laboratory from various hospitals and clinics, we can assume, that *T. rubrum* could be rare. The reason for the less involvement of the toenails could be due to either absence or rarity of *T. rubrum* in Botswana.

*T. rubrum* is the most prevalent species of dermatophyte in many geographical regions of the world. It has been found responsible for causing tinea pedis and tinea unguium in a vast majority of cases. The history of onychomycosis is analogous to that of *T. rubrum*, the major causative fungal pathogen involved in the pathogenesis of onychomycosis and tinea pedis.[@b21-ccid-8-127]

Increased population mobility that resulted from world wars, mass migration, and recreational travel led to the translocation and subsequent distribution of *T. rubrum* from its original endemic regions to the new ecological environments in Europe and America.[@b21-ccid-8-127],[@b22-ccid-8-127] In the United States, the first documented case of onychomycosis is said to have been reported in 1928.[@b21-ccid-8-127],[@b23-ccid-8-127] World War II and the Korean and Vietnam wars, increased participation in fitness activity, the occlusive footwear and periodic and migratory movement of populations, have contributed towards the increased prevalence of tinea pedis and onychomycosis in the 20th century.[@b24-ccid-8-127] After the Vietnam War, *T. rubrum* surpassed *T. interdigitale* as the most commonly isolated dermatophyte worldwide.[@b24-ccid-8-127]

So, the involvement of the toenail is more common in the countries, where*, T. rubrum* is the predominant species, and involvement of finger nails could be more prevalent in our study because of *T. violaceum* being the predominant species. In brief, tinea pedis is the source of infection for the toenail infections; and tinea capitis and tinea corporis could be the source of infection for the fingernails in our study. We did not report onychomycosis of the toenails due to *T. violaceum.* Also, in the literature, there is only one case report of toenail onychomycosis due to *T. violaceum*.[@b25-ccid-8-127]

Since we did not know the HIV status of all the patients, we cannot know if tinea unguium was more prevalent in HIV infected individuals. A larger study is needed in which the HIV status of all enrolled cases should be known.

Conclusion
==========

*T. violaceum* was found to be the predominant dermato-phyte species and tinea unguium was found to be the most frequent clinical type. In our study, involvement of fingernails was more frequent as compared to toenails, 26 and three respectively. Involvement of fingernails in all the cases was found due to *T. violaceum*, which presented both unilateral; involving 2--4 fingers; and bilateral, involving all ten fingers ([Figure 12A and B](#f12-ccid-8-127){ref-type="fig"}).

It appears that the source of infection for tinea unguium of fingernails is the scalp. It has been mentioned by Mapelli et al.[@b25-ccid-8-127]

Both the scalp and fingernails can remain potential sources of infection to the person himself and to others, because it can be transmitted easily to others. These clinical forms can lead to cosmetic embarrassment and social stigma. Both these conditions require both dermatological and mycological expertise for the appropriate treatment and follow-up.
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![Potassium hydroxide 10% mount.\
**Notes:** Branching fungal hyphae. Magnification ×400.](ccid-8-127Fig1){#f1-ccid-8-127}

![*Trichophyton violaceum* (violet pigment).](ccid-8-127Fig2){#f2-ccid-8-127}

![*Trichophyton violaceum* (white variant).](ccid-8-127Fig3){#f3-ccid-8-127}

![*Trichophyton violaceum* (lacto phenol cotton blue mount).\
**Notes:** Tangled hyphae, branched and irregular. Magnification ×400.](ccid-8-127Fig4){#f4-ccid-8-127}

![*Trichophyton violaceum*.\
**Notes:** Rare macroconidia. Magnification ×400.](ccid-8-127Fig5){#f5-ccid-8-127}

![*Trichophyton interdigitale*.\
**Note:** Cottony type (right), granular type (left).](ccid-8-127Fig6){#f6-ccid-8-127}

![*Trichophyton interdigitale* (lacto phenol cotton blue mount).\
**Notes:** Macroconidia and macroconidia in grape-like clusters. Magnification ×400.](ccid-8-127Fig7){#f7-ccid-8-127}

![*Trichophyton interdigitale*.\
**Notes:** Spiral hyphae. Magnification ×400.](ccid-8-127Fig8){#f8-ccid-8-127}

![*Trichophyton tonsurans*.](ccid-8-127Fig9){#f9-ccid-8-127}

![*Microsporum ferrugineum* (lacto phenol cotton blue mount).\
**Notes:** Bamboo-shaped hyphae. Magnification ×400.](ccid-8-127Fig10){#f10-ccid-8-127}

![Bar diagram of clinical forms.](ccid-8-127Fig11){#f11-ccid-8-127}

![Tinea unguium.\
**Notes:** (**A**) Endonyx type of tinea unguium (all ten fingers) due to *Trichophyton violaceum.* (**B**) Tinea unguium left hand.](ccid-8-127Fig12){#f12-ccid-8-127}

![Tinea corporis (right knee).\
**Note:** Extensive scaly lesion with no central clearing.](ccid-8-127Fig13){#f13-ccid-8-127}

![Hair loss, marked crusting and Kerion formation.\
**Note:** Kerion of the scalp.](ccid-8-127Fig14){#f14-ccid-8-127}

![Tinea pedis due to *Trichophyton interdigitale.*](ccid-8-127Fig15){#f15-ccid-8-127}

###### 

Causative dermatophytes in 120 patients

  Species                        Number of isolates   \%
  ------------------------------ -------------------- --------
  *Trichophyton violaceum*       96                   80
  *Trichophyton interdigitale*   16                   13.333
  *Trichophyton tonsurans*       5                    04.166
  *Epidermophyton floccossum*    2                    1.666
  *Microsporum ferrugineum*      1                    0.833
  Total                          120                  

###### 

Clinical types and causative dermatophytes in 120 patients

  Total positive clinical type   *Trichophyton violaceum*   *Trichophyton interdigitale*   *Trichophyton tonsurans*   *Trichophyton floccossum*   *Trichophyton ferrugineum*   Total
  ------------------------------ -------------------------- ------------------------------ -------------------------- --------------------------- ---------------------------- -------
  Tinea capitis                  20                         0                              1                          0                           0                            21
  Tinea faciei                   19                         0                              0                          0                           0                            19
  Tinea corporis                 23                         1                              0                          0                           0                            24
  Tinea manuum                   2                          0                              1                          0                           1                            4
  Tinea unguium                  30                         2                              1                          0                           0                            33
  Tinea cruris                   0                          2                              0                          2                           0                            4
  Tinea pedis                    2                          11                             2                          0                           0                            15
  Total                          96                         16                             5                          2                           1                            120

###### 

Association between age-groups of clinical forms

  Clinical forms              Age-group (in years)   Chi-square test with Yates correction (*df*=2, CI =95%)   *P*-value                
  --------------------------- ---------------------- --------------------------------------------------------- ----------- ------------ ------------
  Tinea capitis (positive)    17                     03                                                        01          χ^2^=14.05   *P*\<0.001
  (negative)                  05                     09                                                        07                       
  Tinea faciei (positive)     06                     10                                                        03          χ^2^=1.42    *P*\>0.05
  (negative)                  10                     31                                                        12                       
  Tinea corporis (positive)   08                     10                                                        06          χ^2^=0.53    *P*\>0.05
  (negative)                  29                     40                                                        33                       
  Tinea manuum (positive)     02                     01                                                        01          χ^2^=2.86    *P*\>0.05
  (negative)                  13                     13                                                        01                       
  Tinea unguium (positive)    07                     12                                                        14          χ^2^=0.23    *P*\>0.05
  (negative)                  12                     27                                                        30                       
  Tinea pedis (positive)      03                     08                                                        04          χ^2^=1.17    *P*\>0.05
  (negative)                  08                     16                                                        17                       
  Tinea cruris (positive)     01                     02                                                        01          χ^2^=1.83    *P*\>0.05
  (negative)                  01                     07                                                        09                       

**Abbreviations:** *df*, degrees of freedom; CI, confidence interval.
